Robotic surgical techniques are being increasingly adopted as a tool in the minimally invasive armamentarium of the colorectal surgeon. These platforms present numerous potential advantages in visualization, precise dissection, and tissue manipulation while potentially reducing operator fatigue. They may also reduce the learning curve and rate of conversion, though the short and long-term benefits of this approach in non-pelvic colorectal surgery, and the cost-benefit balance remain an ongoing debate. Adherence to established principles of laparoscopic colon surgery, a robust understanding of the operative anatomy, and proper patient preparation and setup are critical for the efficient and effective utilization of a robotic approach for colon resection.
Introduction
Minimally invasive approaches to colon resection have revolutionized the practice of colon and rectal surgery. Although the safety, efficacy, and efficiency of these approaches have been repeatedly validated in the literature, the prevalence of laparoscopy in colon resection has reached a relative plateau. 1 Robotic surgical platforms provide an alternative minimally invasive approach that addresses the current limitations of straight laparoscopic colon resections. For other surgical disciplines, particularly urology, robotic approaches have become an accepted, if not integral part of their operative armamentarium. This is in part related to the potential advantages inherent to robotic surgery. These include improvements in overall visualization due to improved depth assessment as well as a stable operator controlled field of view. Surgeon control of three independent instruments with improved articulation and degrees of freedom is an additional advantage. Furthermore, a fixed abdominal wall fulcrum purportedly reduces abdominal wall trauma. Despite these advantages there is a relative paucity of literature supporting the positive impacts on patient outcome of robotic colon resection compared to conventional laparoscopy, and the technology remains saddled with several notable limitations including cost, setup time, and a new technical learning curve. 2 In this review, we will provide an update on the current state of literature regarding robotic colon resection, provide tips on how to effectively prepare and position the patient, and plan port placement. Lastly, we will address the operative approach and pitfalls encountered for right and sigmoid colectomy.
Indications
In the absence of the cost-effective conundrum associated with robotic surgery, the spectrum of indications for a robotic colon resection essentially mirror that of conventional laparoscopy. The breadth of colorectal pathology can be reasonably approached robotically, including both benign inflammatory disease such as diverticulitis and inflammatory bowel disease. 3 Similarly, roboticassisted colectomy for neoplasia has been widely employed stemming from the acceptance of laparoscopy utilization for oncologic resections. 4, 5 Current literature suggests at least equivocal short-term oncologic outcomes such as minimal tumor manipulation, high vascular ligation, and mesenteric lymphadenectomy when performing right and left colectomy. 2 The question remains whether the technical advantages of robotic surgery will translate not only into improved longterm oncologic outcomes but press forward the adaption of minimally invasive techniques for oncologic colon resections.
Relative contra-indications to robotic surgery are similar to that for laparoscopy including patients with multiple prior open abdominal operations and prohibitive adhesive disease, profound inflammatory processes, locally advanced malignancy, physiologic inability to tolerate insufflation pneumoperitoneum or extreme positioning. As always, the choice of operative technique (MIS vs. open) as well as the tool (robotic, laparoscopic, hand-assist surgery) is left to the discretion of the operative surgeon. A fundamental understanding of the surgical anatomy and various approaches is essential and allow the surgeon the ability to proceed in a safe manner, perform an appropriate oncological resection when necessary, and allow for additional diagnostic and therapeutic maneuvering.
Current evidence and outcomes
There is a plethora of data suggesting a potential benefit to robotic surgery in the setting of colon and rectal surgery including shorter length of stay, less pain, lower conversion rates and equivalent oncologic outcomes. 2 However, the majority of current data for both segmental colectomy and proctectomy are small case series and retrospective in nature limiting their ability to draw concrete conclusions. That being said, the theoretical advantages of utilizing roboticassisted surgery within the confined space of the bony pelvis, such as with a low anterior resection, are widely accepted. This may in part be related to the reality that minimally invasive surgery (MIS) in the pelvis is particularly challenging no matter the selected technique (laparoscopic, hand-assist or robotic). As a result, there remain concerns regarding the ability to achieve equivalent oncologic outcomes in the deep pelvis when performing a minimally invasive proctectomy and as a result, the adaptation for MIS for rectal cancer has been underwhelming. 6, 7 On the contrary, laparoscopic segmental colectomy, right or left, is considered to be somewhat less challenging than a pelvic dissection. As a result, it is considered more easily reproducible with consistent results and at a lower cost. Subsequently, the advantages of robotic surgery for a segmental colectomy are justly questioned. A critical review of the evidence addressing the role of robotic segmental colectomy is particularly relevant given the substantial up-front and recurring cost associated with a robotic surgical system. The role of robotic colorectal surgery has been examined over the past 2 decades and has been shown to be a feasible and safe procedure. However, increased operative time and the overall additional expense of robotics were an early concern. In summary, the use of robotics for segmental colectomy is unsubstantiated due to the limitations of not only the current literature but also the current technology. The current literature is represents robotic assisted colectomy with dated technology utilizing the S or Si Da Vinci robotic systems. These models are quite limited when performing multi-quadrant surgery especially when mobilization of the flexure is required. The newer Xi platform, has the demonstrated a tangible potential to enable multi-quadrant surgery, especially with facilitating the docking process, minimizing the need for re-docking and repositioning due to limited or difficult exposure at the hepatic or splenic flexure.
Patient preparation
Preoperative preparation of the patient for robotic colon resection should follow along similar lines as conventional laparoscopic colectomy. We suggest routine mechanical and oral antibiotic bowel preparation for left-sided resections, and selective use of bowel preparations for right colectomy based on institutional/group practice. The exception for this would be in the setting of planned intracorporeal anastomosis for right colectomy. In these cases, purgative bowel preparation should be utilized to reduce peritoneal contamination and improve handling.
As with all robotic surgery, efficiency relies heavily on patient setup and positioning. The skilled laparoscopist utilizes a dynamic surgical bed to vary the patient's position throughout different phases of conventional laparoscopic colectomy, whereas the currently available iterations of robotic surgical systems do not allow repositioning of the operating table without un-docking of the robot. For this reason, multi-quadrant surgery is more challenging with current robotic surgery such that proper positioning and port-set up are critical to operative success.
Modified low-lithotomy or split-leg positioning can be utilized for all colon resections. The patient should be secured on a padded "bean-bag" or other non-slip device, with arms tucked at the patients side. We suggest further securing the patient with 3-inch silk tape at the level of the nipple wrapped circumferentially around the bed allowing for positioning without unwanted patient movement (Figure 1 ).
Port placement and docking
After securing the patient and prior to prepping or draping, it is our practice to map and mark the relevant abdominal features and anticipated port positioning. The anterior superior iliac spine, costal margins and potential extraction sites or stoma marks should be identified. Notably if the camera is stationed too close to the relevant anatomy, collisions will be encountered.
Additionally, the anticipated port locations must be reconsidered after insufflation as the abdominal topography will change variably following pneumoperitoneum. An initial laparoscopic overview is performed in every procedure. The larger robotic camera is quite cumbersome and heavy, not to mention costly to repair if dropped, so we discourage its use for this portion of the case. In contrast, the opening of a 5mm laparoscope and other laparoscopic equipment may add unnecessary cost to the procedure. By avoiding the use of unnecessary equipment, expenses are lowered. We prefer to utilize the 5mm laparoscopic camera as it is easier to maneuver, especially when visualizing ports in the upper quadrants. This allows for rapid and effective visualization of the abdomen for altered anatomy and efficient preparation of the operative field prior to docking including direct visualization of the robotic instruments. Once all ports are placed, the camera visualizes careful insertion of robotic instruments, all pointed towards the pelvis.
Of note, the port placement and docking strategies outlined are those typically utilized for DaVinci S or Si platforms. The newer Xi system employs a boom mounted arm design which allows a more straightforward linear port placement strategy, and facilitates docking from any position around the patient.
Right colectomy
For robotic right colectomy a four arm technique is typically used (Figure 2 ) although a three arm technique is also feasible (Figure 3) . A 12mm trocar is placed in the midline above or below the umbilicus depending on the length of the patient's torso. Entry to the peritoneal cavity is 
Sigmoid colectomy
As with a right colectomy, mobilization of the descending and sigmoid colon requires fastidious attention to positioning and port placement. Extra care directed at these steps will pay dividends in maintaining an efficient robotic dissection given the need for multi-quadrant dissection. access not only to the LUQ but also the LLQ and pelvis. It is essential that the camera is port is placed off the midline such that the arm 3 is not positioned directly behind it otherwise there will be numerous collisions while operating in the pelvis. This port system may also be used when performing a single-dock low anterior resection. If collisions do occur perhaps in a particularly deep and narrow pelvis, arm # 3 may be re-docked to the left lower quadrant port while arm 2 is shifted medial to the mid-clavicular line in an additional port. 
Technical considerations

Right colectomy
The most common approach utilized for a minimally invasive right colectomy is medial to lateral dissection. This dissection relies on the effective entry into the embryologic fusion plane between the right colonic mesentery and the retroperitoneum. Orientation to key structures in this dissection can be undertaken by grasping the cecum or its mesentery with arm #3 and placing antero-inferior traction. This will place the vascular pedicle on tension and facilitate identification of the ileo-colic vessels ( Figure 6 ). Arms #1 and #2 can then be used for the majority of the medial dissection. The peritoneum investing the mesentery should be scored parallel to the ileo-colic pedicle just posterior to its fold. The correct avascular plane should lie immediately posterior to the vessel. Importantly, the duodenum will come into view almost immediately to the right at the base of the pedicle. A combination of blunt posterior sweeps and sharp dissection can be undertaken to develop this space working laterally (Figure 7) . The lacy vessels of the retroperitnoneum should be swept down, taking care to identify and tread carefully near the duodenum, particularly given the lack of haptic feedback with the robot. Visual cues should be utilized to assess tension and tissue effect. As the dissection proceeds laterally, a clear window of peritoneum is encountered just beyond the ileo-colic pedicle. At this point, the duodenum should again be noted and swept posteriorly. When this is adequately clear, the pedicle can be ligated. Of note, the pedicle often acts as a point of tension which can facilitate the medial to lateral dissection by allowing counter-tension for posterior sweeping of the retroperitoneum. For this reason, we perform the majority of the medial to lateral dissection with pedicle intact. Importantly though, the lack of haptic feedback can make undue tension on the undivided pedicle a possibility, and should be monitored closely. For division, the robotic vessel sealing device or an additional laparoscopic energy device placed through the assistant port and counter-traction with arm #2 will facilitate dissection up toward the lateral attachments.
Here, the dissection is continued toward the hepatic flexure using progressive anteromedial traction. At this point, we find that approaching the hepatic flexure from the transverse colon is often more effective.
The omentum can be grasped and elevated toward the abdominal wall using arm #3, while arm #1 and #2 gain entry to the lesser sac, as identified by the posterior aspect of the stomach ( Figure   9 ). The dissection should be initiated at the location at which the falciform ligament crosses the transverse colon. As the dissection is carried toward the hepatic flexure, the leaves of the omentum can be difficult to discern. Careful dissection should yield entry into the prior dissection plane overlying the duodenal sweep at approximately the level of the gallbladder. The remaining hepato-colic attachments should be divided. If warranted the right branch of the middle colic maybe divided intra-corporeally. This may facilitate extraction of the right colon especially for those patients with a short or thick transverse colon mesentery such as in the obese (Figure 10 ).
Once complete, the right colon should be mobile to its embryologic midline position. This will facilitate extraction through a midline or periumbilical incision for extracorporeal anastomosis, or tension free ileo-transverse anastomosis for intracorporeal anastomosis.
Sigmoid colectomy
Similar to the right colon, we typically address the left or sigmoid colon with a medial to lateral approach. The sigmoid colon mesentery should be placed on tension anteriorly and toward the left hip using arm #2 to identify the inferior mesenteric artery (IMA) pedicle. The operator should also orient to the sacral promontory at this time ( Figure 11 ). It is also important to determine whether the sigmoid colon is coiled, or adherent within the pelvis, as this can lead to challenges in appropriate identification of the vascular pedicle. The peritoneum can be scored using monopolar scissor inferior and posterior to the arc of the superior hemorrhoidal artery. At this point "pneumo-dissection" of the insufflated carbon dioxide will fill the avascular plane often revealing the key structures (Figure 12 ). Often the pelvic sympathetic nerves can be identified and swept posteriorly at this time. These serve as a key landmark of the proper plane ( Figure 13 ). Arms #1 and #3 carry the burden of the dissection working in a lateral fashion immediately under the superior hemorrhoidal artery working up toward the origin of the IMA.
During this dissection, the left ureter and gonadal vessels should be identified and left in the retroperitoneum ( Figure 14) . The presence of a localizing ureteral stent may facilitate the rapid identification of the left ureter during this step.
Following the identification of the origin of the IMA, an additional window can be developed cranially between the IMA and inferior mesenteric vein (IMV) (Figure 15 ). At this point, the takeoff of the left colic artery can often be identified and often gives a "T" appearance of the mesentery (Figure 16 ). Once the vascular anatomy has been confirmed, the left colic may be preserved by ligation just distal on the superior hemorrhoidal, or sacrificed with ligation of the IMA at its origin. In either event, the ureter should once again be identified, and a robotic vessel sealer or laparoscopic energy device can be utilize to control the vascular pedicle. The avascular plane is further developed laterally and up toward the inferior border of the pancreas. It is often reasonable to divide the IMV early in this step to prevent undue tension and possible avulsion as well as avoiding the loss of timely exposure (Figure 17 ).
The focus of the procedure is then shifted to the mobilization of the lateral attachments of the sigmoid and descending colon (Figure 18) . A robust medial dissection should facilitate this step. 
